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METHOD OF MANUFACTURING SPARK PLUG WITH NOBLE METAL CHIP FOR 

INTERNAL COMBUSTION ENGINE 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the benefit 

of priority of Japanese Patent Application No. H. 11-307490 
filed on October 28 , 1999, the content of which is incorporated 
herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a method of 
manufacturing a spark plug for internal combustion engine, 
in particular, a method of bonding a noble metal chip to a 
15 center or ground electrode by welding. 

2. Description of Related Art: 

It is well known to bond a noble metal chip to a center 
or ground electrode only by laser welding, as shown in 

20 JP-A-6-45050 • However, in a case of bonding only by laser 
welding, the noble metal chip has to be held by a holding jig 
or tool when the chip is bonded by laser welding. Accordingly, 
a construction of a laser welding equipment becomes complicate . 
Further, as disclosed in JP-No. 2921525, it is known to 

25 fix provisionally at first the noble metal chip to the center 
or ground electrode by resistance welding and to bond finally 
the same by laser welding. 
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However,, when the noble metal chips are bonded to the 
respective center or ground electrodes provisionally by a 
conventional resistance welding method that only a current 
amount to be supplied and a time period for current supply 
6 are controlled at preset values and finally by a conventional 
laser welding method, bonding strength of the noble metal chips 
to the respective center or ground electrodes is likely to 
fluctuate. 

As a result of an extensive research and experimental 
10 test , it is contemplated that this bonding strength fluctuation 
is caused by a fact that structure of molten portions to be 
formed by laser welding is uneven. Further, the uneven molten 
portion structure is affected by fluctuation of respective 
lengths of the noble metal chips to be embedded into the center 
15 or ground electrodes when the provisional resistance welding 
is conducted. 

The experimental test result further reveals that, when 
the resistance welding on the noble metal chips is implemented 
under conditions that the current amount to be supplied and 

20 the time period for current supply are constant, the embedding 
length of the noble metal chips into the center or ground 
electrodes is fluctuated because of, for example, uneven 
surface roughness of cutting surfaces of the noble metal chips 
or uneven surface roughness of surfaces of the center or ground 

25 electrodes on which the noble metal chips are placed, 
respectively. 

When the noble metal chip, for example, including Ir 
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as a main composition and having a high melting point, is fixed 
by resistance welding, surface roughness of the surface on 
which the noble metal chip and the center or ground electrode 
are in contact with each other largely affects on heat energy 
5 to be generated on a boundary surface between the noble metal 
chip and the center or ground electrode. Therefore, the 
resistance welding at the constant current amount and the 
constant time period is not sufficient enough to secure a stable 
and accurate embedding length of the noble metal chip into 
10 the center or ground electrode. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above 
mentioned problem, and an object of the present invention is 

15 to provide a method of manufacturing spark plug in which a 
welding condition of provisional resistance welding is 
controlled or adjusted to secure a uniform predetermined final 
embedding amount of the noble metal chip before the final laser 
welding is implemented. As a result, stable and accurate 

20 bonding strength of the noble metal chip to a center or ground 
electrode can be assured, since the construction of molten 
portion formed by laser welding is uniform and stable. 

To achieve the above object, the steps are comprised 
of, at first, putting a noble metal chip on a leading end of 

25 one of the center and ground electrodes so that a surface of 
the noble metal chip may come in contact with a surface of 
the leading end of the one of the center and ground electrodes , 
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next, executing resistance welding provisionally in such a 
manner that current is passed through the noble metal chip 
and the leading end of the one of the center and ground electrodes , 
while the noble metal chip is pressed toward the leading end 
5 of the one of the center and ground electrodes, so as to fix 
the noble metal chip to the one of the center and ground 
electrodes in a state that a part of the noble metal chip is 
embedded into the one of the center and ground electrodes, 
and, then, executing laser welding finally so as to melt a 

10 circumference of a portion where the noble metal chip is 
embedded into the one of the center and ground electrodes . 

When the provisional welding is executed, at least one 
of a current supply amount and a current supply time period 
is controlled according to at least one of a transit embedding 

15 length and a transit embedding speed of the noble metal chip 
to the one of the center and ground electrodes to establish 
a predetermined final embedding amount of the noble metal chip 
to the one of the center and ground electrodes. 

It is preferable that first and second electrodes (upper 

20 and lower electrodes) of a resistance welding equipment are 
set to be electrically conductive with the noble metal chip 
and the one of the center and ground electrodes, while the 
first electrode presses the noble metal chip toward the one 
of the center and ground electrodes. The current supplied 

25 between the first and second electrodes by a power source of 
the resistance welding is controlled by a transit moving length 
or a transit moving speed of at one of the first and second 
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electrodes, which corresponds to the transit embedding length 
or the transit embedding speed of the noble metal chip to the 
one of the center and ground electrodes. 

Furthermore the predetermined final embedding amount 
5 of the noble metal chip is, preferably, not larger than 0.1 
mm to obtain an adequate alloy ratio of the noble metal chip 
to the one of the center and ground electrodes * 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Other features and advantages of the present invention 

will be appreciated, as well as methods of operation and the 
function of the related parts, from a study of the following 
detailed description, the appended claims, and the drawings, 
all of which form a part of this application. In the drawings : 
15 Fig. 1 is a semi cross sectional view of a spark plug 

according to an embodiment of the present invention; 

Fig. 2 is a schematic view showing a resistance welding 
method for manufacturing the spark plug according to the 
embodiment; and 

20 Fig . 3 is a chart showing fluctuation of embedding lengths 

of noble metal chips into center or ground electrodes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 shows a semi-cross sectional view of a spark plug 
25 for an internal combustion engine according to a preferred 
embodiment of the present invention. 

The spark plug 1 has a tubular housing 1 having a thread 
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la for mounting to an engine cylinder block (not shown) . An 
insulator 2 made of alumina ceramics (AI2O3) is fitted into 
the housing 1 and an end portion 2b of the insulator 2 is exposed 
out of the housing 1. 
5 A center electrode 3 is inserted into and fixed to a 

through hole 2a of the insulator 2. The center electrode 3 
is composed of a column shaped main body whose inner member 
is made of metal material having good thermal conductivity 
such as copper and whose outer member is made of metal material 

10 having good heat resistance and corrosion endurance such as 
Ni base alloy. The insulator 2 surrounds a circumference of 
the center electrode 3 so as to expose a leading end portion 
3a of the center electrode 3 out of the end portion 2b of the 
insulator 1, as shown in Fig. 1- 

15 A ground electrode 4 is composed of a pillar shaped body 

whose one end 4a is fixed to the end of the housing 1 by welding 
and which is formed in a letter L shape as a whole. An end 
portion 4b opposite to the end 4a of the ground electrode 4 
faces the leading end portion 3a of the center electrode 3 

20 to constitute a spark discharge gap 6 therebetween • The ground 
electrode 4 is made of metal material having good heat 
resistance and corrosion endurance such as Ni base alloy. 

In view of reducing spark consumption of spark discharge 
portions of the electrodes 3 and 4, noble metal chips 51 and 

25 52 are bonded and fixed to the leading end portion 3a of the 
center electrode 3 and the leading end portion 4b of the ground 
electrode 4/ respectively, finally by laser welding. Each 
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of the noble metal chips 51 and 52 is, for example, a pillar 
shaped element made of pure Ir or Ir alloy containing at least 
one of material selected from Rh, Ru, Pt and Y^O^. The spark 
discharge gap 6 , for example, 1 mm, is constituted by a distance 
5 between the noble metal chips 51 and 52. 

Next, amanufacturing process of the sparkplug according 
to the present embodiment mainly with respect to a method of 
bonding the noble metal chip to the center or ground electrode 
3 or 4 is described hereinafter and the explanation with respect 

10 to methods of manufacturing the other parts is omitted as they 
are well known* The method according to the embodiment of 
the present invention is a method of provisionally fixing at 
first the noble metal chip 51 or 52 to the center or ground 
electrode 3 or 4 by resistance welding and, then, finally 

15 bonding the same by laser welding, A resistance welding 
equipment and a laser welding equipment, which are widely 
prevailing, may be used. 

Fig. 2 shows schematically a method of fixing 
provisionally the chip 51 to the center electrode 3 by 

20 resistance welding. Amethod of fixing provisionally the chip 
52 to the ground electrode 4 , the explanation of which is omitted , 
is similar to the method shown in Fig. 2. A view on a left 
side of a dot-dash line of Fig. 2 shows a state before current 
is supplied for resistance welding and a view on a right side 

25 thereof shows a state after current has been supplied. 

As shown in Fig. 2, the resistance welding equipment 
is provided with an upper electrode 7 (first electrode), a 



lower electrode 8 (second electrode) and a power source 9 for 
generating resistance heat between the upper and lower 
electrodes 7 and 8. The upper and lower electrodes 7 and 8 
may press the work intervening between both the electrodes 
5 7 and 8 (the noble metal chip 51 and the center electrode 3) 
in a facing direction of the electrodes 7 and 8 (up and down 
direction in Fig. 2). 

A first step for provisionally fixing the noble metal 
chip 51 to the center electrode 3^ the noble metal chip 51 

10 is put on the center electrode 3 so as to come in contact with 
a welding surface of the leading end portion 3a of the center 
electrode 3, while making the center electrode 3 electrically 
conductive with the lower electrode 8 and making the noble 
metal chip 51 electrically conductive with the upper electrode 

15 7 • Then, the power source 9 supplies current between the upper 
and lower electrodes 7 and 8, while the chip 51 is pressed 
toward the leading end portion 3a of the center electrode 3 
with a pressing force ( for example, 25 0 N) . An amount of current 
is controlled (for example, within several hundreds A) or a 

20 current supply time period is controlled (for example, within 
several hundreds m sec) . As a result, the noble metal chip 
51 is provisionally fixed to the leading end portion 3a of 
the center electrode 3 . 

As the chip 51 is pressed toward the leading end portion 

25 3a of the center electrode 3, a part of the chip 51 is embedded 
into the leading end portion 3a. According to the embodiment 
of the present invention, a transit moving amount or moving 



8 



speed of the upper electrode 7 {or a moving amount or moving 
speed of the lower electrode 8 ) , which corresponds to a transit 
embedding length or embedding speed of the chip 51 to the center 
electrode 3 , is measured, for example, by a displacement meter 
5 provided in the upper electrode 7 before the upper electrode 

7 establishes a final moving amount X shown in Fig, 2 and, 
according to the measurement result, the time period or the 
amount of current to be supplied between the electrodes 7 and 

8 by the power source is adjusted in order for the upper electrode 
10 7 to accurately establish the moving amount x so that the 

embedding length of the chip 51 to the center electrode 3 may 
be stably controlled. 

The adjustment of the time period of a predetermined 
current to be supplied may be also conducted in such a manner 

15 that the predetermined current supply continues until the fact 
that the upper electrode 7 has established the moving amount 
X is noticed visually or in use of a television camera. 

Fig. 3 shows a result of experimental test, which shows 
fluctuation of the embedding length of the noble metal chip 

20 to the center or ground electrode. The test was conducted 
on a pillar shaped noble metal chip 51 whose length is 0.85 
mm and whose diameter is 0 . 7 mm by supplying different current 
amount, 500A (□ plot), 3 00A (• plot) or lOOA ( O plot) with 
250 N constant pressing force. With respect to each of the 

25 current amount to be supplied , a relationship between the moving 
amount X (mm) of the upper electrode 7, which corresponds to 
the embedding length of the noble metal chip, and the current 
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time period (m second) is illustrated in Fig. 3. A sample 
number n of each plot is 20 and a fluctuation amount of each 
plot (a range shown by opposite arrows in Fig. 3) is 4 a . 

As shown in Fig. 3, when the welding condition is always 
5 constant, that is, when the current supply amount and the 
current supply time period are not controlled according to 
the transit embedding amount or speed, the fluctuation of the 
final embedding amount of the noble metal chip to the center 
or ground electrode is very large in each plot as shown in 

10 the apposite arrows in Fig. 3. This large fluctuation of the 
embedding amount causes a structure fluctuation of molten 
portions formed finally by laser welding. 

However, when the current supply amount or the current 
supply time period of the power source 9 is feedback controlled 

15 by watching the embedding amount of the noble metal chip to 
the center or ground electrode, moving amount of the upper 
or lower electrode 7 or 8 in an acting direction of pressing 
force, during a course of resistance welding operation, as 
mentioned above, the final embedding amount becomes constant 

20 and the fluctuation thereof is limited. 

After the provisional resistance welding as mentioned 
above, the laser welding (for example, 8 points welding) is 
conducted around a circumference of the embedded portion of 
the noble metal chip 51 to the center electrode 3 to melt 

25 respective parts of the noble metal chip 51 and the center 
electrode 3 . 

This welding method is also applicable to the noble metal 



10 



chip 52 and the ground electrode 4. As a first step of 
conducting provisional resistance welding;, the noble metal 
chip 52 is put on the ground electrode 4 so as to come in contact 
with a welding surface of the leading end portion 4b of the 
5 ground electrode A f while making the center electrode 3 
electrically conductive with the lower electrode 8 and making 
the noble metal chip 52 electrically conductive with the upper 
electrode 7. Theu;^ the feedback control of current from the 
power source 9 is executed similarly as the case of welding 

10 the chip 51 to the center electrode 3 to complete the resistance 
welding. Finally, the laser welding is conducted to bond the 
chip 52 to the ground electrode 4. 

In summary, in the manufacturing method according to 
the embodiment of the present invention, the current supply 

15 amount or the current supply time period of the provisional 
resistance welding is controlled by the transit moving amount 
or moving speed of the upper or lower electrode 7 or 8 in a 
pressing force direction thereof, which corresponds to the 
transit embedding length or embedding speed of the noble metal 

20 chip 51 or 52 to the center or ground electrode 3 or 4* 
Accordingly, an accurate and stable embedding length of the 
noble metal chip 51 or 52 to the center or ground electrode 
51 or 52 may be secured So that the structure of the molten 
portion formed by the final laser welding may become uniform 

25 and stable. 

Further, as a result of investigation, it is concluded 
that the embedding length of the noble metal chip 51 or 52 
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to the center or ground electrode 51 or 52 is preferably not 
larger than 0.1 mm to secure a sufficient bonding strength 
of the molten portion composed of alloy formed by the laser 
welding . 

5 Though the center and ground electrodes 3 and 4 are 

provided with the noble metal chips 51 and 52, respectively, 
according to the embodiment mentioned above, at least one of 
the electrodes 3 and 4 may be provided with one of the noble 
metal chips 51 and 52. Further, the bonding method according 
10 to the present invention may be applied to at least one of 
the center and ground electrodes 3 and 4 that are provided 
with the noble metal chips 51 and 52, respectively. 
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WHAT IS CLAIMED IS: 

1. A method of manufacturing a spark plug for internal 
combustion engine having a center electrode, a housing 
surrounding and holding the center electrode so as to expose 
a leading end of the center electrode out of an end of the 
housing and a ground electrode whose one leading end is fixed 
to the end of the housing and whose another leading end faces 
the leading end of the center electrode to constitute a spark 
discharge gap therebetween, and a noble metal chip bonded 
to the leading end of at least one of the center and ground 
electrodes, comprising steps of: 

putting the noble metal chip on the leading end of the 
one of the center and ground electrodes so that a surface 
of the noble metal chip may come in contact with a surface 
of the leading end of the one of the center and ground 
electrodes ; 

executing resistance welding provisionally in such a 
manner that current is passed through the noble metal chip 
and the leading end of the one of the center and ground 
electrodes, while the noble metal chip is pressed toward the 
leading end of the one of the center and ground electrodes, 
so as to fix the noble metal chip to the one of the center 
and ground electrodes in a state that a part of the noble 
metal chip is embedded into the one of the center and ground 
electrodes; and 

executing laser welding finally so as to melt a 
circumference of a portion where the noble metal chip is 
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embedded into the one of the center and ground electrodes, 
wherein at least one of a current supply amount and 
a current supply time period by the provisional resistance 
welding is controlled according to at least one of a transit 
embedding length and a transit embedding speed of the noble 
metal chip to the one of the center and ground electrodes 
to establish a predetermined final embedding amount of the 
noble metal chip to the one of the center and ground electrodes . 

2. A method of manufacturing a spark plug according 
to claim 1, wherein a resistance welding equipment to be used 
in resistance welding has a first electrode electrically 
conductive to the noble metal chip and a second electrode 
electrically conductive to the one of the center and ground 
electrodes and, while the first electrode presses the noble 
metal chip toward the one of the center and the ground 
electrodes , the current supplied between the first and second 
electrodes passes through the noble metal chip and the leading 
end of the one of the center and ground electrodes and , further , 
wherein the one of the transit embedding length and the transit 
embedding speed of the noble metal chip to the one of the 
center and ground electrodes is measured by at least one of 
a transit moving length and a transit moving speed of at least 
one of the first and second electrodes. 

3. A method of manufacturing a spark plug according 
to claim 1, wherein the predetermined final embedding amount 
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of the noble metal chip to the one of the center and ground 
electrodes is not larger than 0.1 mm, 

4. a method of manufacturing a spark plug according 
to claim 1, wherein the noble metal chip is made of one of 
pure Ir and Ir alloy including at least one of Rh, Ru, Pt 
and Y2O3. 
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ABSTRACT OF THE DISCLOSURE 
In a method of manufacturing a spark plug in which a 
noble metal chip provisionally fixed to a center or ground 
electrode by resistance welding and finally bonded to the 
center or ground electrode by laser welding, a current supply 
time period of the resistance welding is controlled according 
to a transit moving amount of an upper or lower electrode 
of a resistance welding equipment, which corresponds to a 
transit embedding length of the noble metal chip to the center 
or ground electrode, to establish a predetermined final 
embedding amount of the noble metal chip to the center or 
ground electrode. 
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(Number) 


;#^) 


(Country) Org) 


(Day/Month/Year Filed) 


(tism^^a) 


5. 










□ 


6. 


(Number) ( 




(Country) (S^) 


(Oay/Month/Year Filed) 


(itiM^^H) 
□ 




(Number) ( 


»^) 


(Country) (H^) 


(Day/Month/Year Filed) 


(tHJP^^B) 
□ 




(Number) ( 


#"^) 


(Country) (H^) 


(Day/Month/Year Filed) 


(ann^^B) 


p Additional Foreign Application(s) is(are) listed on the attached sheet which is incorporated herein by reference. 



I hereby claim the benefit under Title 35, United 
States Code, Section 119(e) of any United States 
provisional application(s) listed below. 



(Application No.) 
^) 



(Filing Date) 

(tbMB) 



mt. TIBO*ll>S«^3 5111 2 O^ClSUTTIBOD* 



(Application No.) 

(thmn^) 



(Filing Date) 
(thJUB) 



I hereby claim the benefit under Title 35, United 
States Code, Section 120 of any United States 
application(s), or 365(c) of any PCT International 
application designating the United States, listed 
below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the 
prior United States or PCT International application 
in the manner provided by the first paragraph of Title 
35, United States Code Section 112, I acknowledge the 
duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available 
between the filing date of the prior application and 
the national or PCT International filing date of 
application. 



Application No. 



Filing Date 



Status 



Patented, 

(f^itit^?^). 



Pending, Abandoned 



2 



Japanese Language Declaration 



PM&S 



'0 



I hereby declare that all statements made herein of 
my own know! edge are true and that al 1 statements made 
on information and belief are believed to be true; 
and further that these statements were made with the 
knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements 
may jeopardize the validity of the application or any 
patent issued thereon. 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent{s) to 
prosecute this application and transact all business 
in the Patent and Trademark Office connected 
therewith (list name and registration number). 



,G. Lloyd Knight, Reg. No. 17698, Dale S. Lazar, Reg. No, 28872, Glenn J. Perry, Reg. No. 28458, 

=i Timothy J. Klima Reg. No. 34852, and each principal, attorney of counsel, associate and employee of 

iPillsbury Madison & Sutro LLP, Intellectual Property Group, who is a registered Patent Attorney. 

\%WcM'^% : (Send Correspondence to) 

I Pillsbury, Madison & Sutro, LLP, 1100, New York Avenue, N.W., Ninth Floor, East Tower, 
: Washington D.C, 20005-3918 

.M'^MtiM^9u i^mRXfWM^^) : Direct Telephone Calls to (name and telephone number) 

I G, Lloyd Knight, Esq., Dale S. Lazar, Esq., Glenn J. Perry, Esq. and Timothy J. Klima, Esq., 

I (202) 861-3000 



nt— itl4^— (Full name of sole or first inventor) Akihiko Mizutani 



mn^om^ (Inventor' s Signature) 



an (Date) 



ftf/f (Residence) Kuwana-city, Japan 



(Citizenship) Japan 



nkmm (Post office Address) c/o DENSO CORPORATION, 1-1, SHOWA-CHO, KARIYA-CITY, AICHI-PREF., 

448-8661 JAPAN 



^_#tlR|^05# (Full name of second joint inventor) 



^m^om^ (Inventor' s Signature) 



Bn (Date) 

^pfj (Residence) 

MM (Citizenship) 

l^xtfffl (Post Office Address) 



n Additional inventor (s) is(are) listed on the attached sheet which is incorporated herein by reference. 
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